effects on rate and inotropic state; they suggested that this was a matter of differential take up by the nerves. Had chronic denervation studies been done to see if this difference disappeared?
Professor Linden replied that such studies had not been done.
Professor Dornhorst said that, regarding the general problem, these experiments demonstrated that dP/dt could be used perfectly well within the particular individual; but that was not to say it could be used between individuals, between species and between normal and abnormal hearts. A number of indices could probably be used in a clinical case, for example when giving a drug, to see what the effect was. It was quite a different matter to use dP/dt alone to indicate whether a heart was normal or abnormal.
Dr Lee said that this pragmatic approach to studying heart function was a long way from a study of cardiac contractility as defined in the paper by Dr B R Jewell (listed on page 552) in the isolated muscle. Could a closer relationship be obtained? Dr Noble said that in an isolated muscle held at a constant length, mechanical performance could be measured in terms of force, eliminating length as a variable. There were still two dimensions (force and time) because the time course of contraction could change. When the muscle was allowed to shorten it moved through a family of force-velocity curves, each curve pertaining to a different length. The dimensions of velocity, force, and length, were all changing with time, so that even in something as simple as the papillary muscle the complexity became unmanageable, as it did in the intact heart.
In the pragmatic approach, limits had to be set. For instance, with maximum acceleration and dP/dt, the limits depended on initial fibre length in some circumstances. In that case, initial fibre length must be kept constant, if contractility was to be studied. If, however, under other circumstances, the indices were found to be independent of initial fibre length, they could be used without keeping initial fibre length constant. With aortic pressure, the same applied. If an isovolumic beat was introduced, dP/dt usually did not change, as Dr van den Bos had shown (page 546); but acceleration would be zero, and so could not be used. If the aorta was opened to the atmosphere between one beat and another, dP/dt would fall and so could not be used as an index, but acceleration could be used, The limits under which any index of contractility was valid must first be determined before it could be used in a pragmatic way.
Dr Guz said that the sensitivity of indices of contractility could be assessed by depressing the heart with CO2.
Professor Henry Barcroft (St Thomas's Hospital, London, SEJ) said this was one of the things that interested Starling; in fact in some papers Starling seemed to be rather more struck by the fact that CO2 weakened the muscle than that adrenaline strengthened it. Relationship between Left Ventricular and Aortic dP/dt (max) Measurement of left ventricular dP/dt (max) in intact man presents considerable technical difficulties. As there is a significant correlation between left ventricular and aortic dP/dt (max) during exercise and during cardiac stimulation with isoprenaline (Fig 1) , the question arises whether the more easily obtainable measurement in the aorta may not give a useful index of the left ventricular variable. The answer to this question depends on the physiological limits within which this relationship will hold.
Some of the components contributing to dP/dt (max) in the aorta are directly related to the development of tension in the ventricle, but others are unrelated to ventricular events. The factors largely determining the maximum rate of change of pressure in the aorta are the dynamic compliance of the aortic wall (in so far as it influences the velocity of the pressure wave at that particular volume and pressure load), the rate of change of flow (i.e. dV/dt) and the resistance to flow in the segment of the aorta under study. As the separate effects of these variables could not be measured in intact man, their influence-on the measurement of aortic dP/dt (max) was determined in the denervated dog heart. The effect of changes in heart rate on the relationship between aortic and left ventricular dP/dt (max) were studied by atrial pacing and vagal stimulation. The effect of changes in resistance to flow were studied by infusions of the vasodilator drug phentolamine and the vasoconstrictor agent angiotensin. The effect of primary changes in left ventricular inotropic activity were studied by infusions of isoprenaline and noradrenaline.
Results (Figs 2 and 3) (1) With large changes in left ventricular dP/dt (max) there is no directional difference in the response of aortic dP/dt (max).
(2) The sensitivity of the relationship between the two variables, i.e. the slope of the regression line, is significantly influenced by changes in mean aortic pressure, i.e. resistance to flow.
(3) The linear relationship between the two variables does not hold during vagal stimulation, presumably due to large changes in stroke volume.
Conclusions
Large changes in aortic dP/dt (max) probably reflect similar directional changes in left ventricular dP/dt (max), although their quantitative relationship cannot be predicted in any given set of circumstances. The sensitivity of the relationship between the two variables is significantly influenced by changes in aortic mean pressure and left ventricular stroke output. Thus in intact man, whilst it may be justified to accept that large serial changes in aortic dP/dt (max) imply similar directional changes in the left ventricular variable, it is inappropriate to assume that similar changes in aortic dP/dt (max) in different individuals, or in the same individual under different conditions, indicate similar levels of absolute change in left ventricular dP/dt (max).
GENERAL DISCUSSION
Dr Lee (President) said that in man the problem of assessing myocardial contractility still seemed to him quite unmanageable. The speakers had discussed a large number of indices, which tended not to be pure indices, and there were a variety of influencing factors. The term contractility was being used very loosely by clinicians, many of whom had to assess patients with valvular heart disease prior to surgery. In a case of aortic valve disease one wanted to know whether the heart was likely to fail within the next week or whether the patient could be left for a long time. Perhaps Professor Goodwin would comment on this problem. Could anything be done other than what Dr Mitchell suggested when he said: 'Look at the angiograms and say "good, that looks a nice contractile heart"?' Professor J F Goodwin (Royal Postgraduate Medical School, London W12) thought that contractility was a kind of Cheshire cat with a derisory smile; from the clinical point of view one should not consider contractility alone when assessing patients for cardiac surgery. It was necessary to know whether myocardial dysfunction in such a patient would be reversed by surgery, or whether it had passed that stage. Professor Goodwin could not say how to do this precisely: simple assessment of ventricular volumes in systole and diastole, by looking at the angiograms and knowing the cardiac output, was probably the best method at present. Professor Dornhorst thought it quite possible to derive indices which were useful for broadly similar individuals, but for an index of damage to the myocardium the history of the heart must be taken into account. If aortic stenosis were taken as one extreme, and thyrotoxicosis as the other, cardiac work in both conditions was probably still high compared with normal when the patients went into clinical failure; yet indices (e.g. dP/dt) would almost certainly be high in aortic stenosis and low in thyrotoxicosis; one could not expect to apply the same indices to both. Dr David Mendel (St Thomas's Hospital, London SEI) believed that with suitable instrumentation dP/dt was an easily obtainable and clinically important physiological variable. However, use of the term dP/dt (max) to indicate peak rate of pressure change during any random left ventricular contraction robbed the measurement of much of its value. This was because truly maximum values, sometimes three times the resting level, might be obtained on exercise or following a post-ectopic beat. Moreover, socalled resting values depended on the inotropic state of the patient: in the frightened patient they could be nearly maximal, while in the sedated patient they might appear to be pathologically low. Finally, Dr Mendel believed that the rate at which dP/dt changed, i.e. the second differential of both pressure rise and pressure fall in the ventricle, revealed information about the compliance of the myocardium and its reaction to after-load.
Dr Celia M Oakley (Hammersmith Hospital, London W12) said that though various indices by which to attempt measurement of myocardial fitness had been described, it seemed that in valve disease, found in a large proportion of patients seen, these indices were of no help.
Dr Lee thought that one of the tasks of clinicians should surely be to devise noninvasive methods which correlated with direct methods. Nothing had been heard at the meeting of this approach, and there was no time left to examine it.
Dr Lee asked Dr Noble, who organized the meeting, to sum up.
Dr Noble did not think he could summarize the conclusions positively. With a simple systema piece of isolated heart musclethere was no doubt that myocardial contractility could be defined. With a more complex system, either a shortening muscle or an intact ventricle, the complexities of characterizing contractility increased enormously. However, a distinction must continue to be made between the properties of the heart: on the one hand, toincreasemechanical performance following an increase in initial fibre length (Frank-Starling phenomenon); on the other, to increase mechanical performance at a given fibre length (increase in contractility). The dimensions of the measurements would depend entirely on the circumstances. In the clinical situation the complexity was even greater, for then there were the problems of hypertrophy of the muscle wall, of valvular stenosis and incompetence, and of sodium and water retention which might cause heemodynamic changes having nothing to do with the state of the muscle. Dr Noble thought that the message of the meeting to the clinician was that although myocardial contractility could be defined, it was virtually impossible to measure as an independent phenomenon.
The following papers were also read: 
